Aims Anaemia and iron deficiency (ferritin level < 100 or 100-300 μg/L with transferrin saturation < 20%) are prevalent in heart failure. Mechanistically, iron deficiency is linked to poor intestinal uptake, increased intestinal loss, and chronic inflammation. However, the prevalence of underlying gastrointestinal malignancies is not established in iron-deficient heart failure with or without anaemia. Methods and results Patients followed up in a single-centre, heart failure database with baseline registration of haemoglobin and iron status were retrospectively evaluated. The proportion of patients undergoing upper and lower gastrointestinal endoscopy between inclusion and censoring was determined. Afterwards, the prevalence of biopsy that confirmed intestinal malignancies in relation to baseline iron and haemoglobin status was determined. Anaemia was defined as a haemoglobin level <12 g/dL, and iron deficiency according to the aforementioned criteria. Of the 1197 patients in the database, 699 (59%) patients underwent full endoscopic workup over a mean follow-up of 50 ± 27 months. A total of 50 intestinal malignancies were identified (n = 42, 84%, in iron-deficient vs. n = 8, 16%, non-iron-deficient patients; P < 0.001). The prevalence of intestinal malignancies was non-statistically different in iron-deficient patients with anaemia (n = 12/129, 9.3%) or without anaemia (n = 30/287, 10.5%; P = 0.551). The prevalence was much lower in patients without iron deficiency with anaemia (n = 5/83, 6%) or without anaemia (n = 3/200, 1.5%). In patients with iron deficiency but without anaemia (a group in which the role of endoscopic workup is less established), ferritin levels carried an inverse diagnostic capacity in detecting patients with an underlying malignancy (area under the curve = 0.741, P < 0.001). A ferritin level < 56 μg/L had the best acuity, detecting malignancies with a sensitivity of 80% and a specificity of 71%. Conclusions Endoscopic evaluation is warranted in heart failure patients with iron-deficient anaemia given the high prevalence of underlying intestinal malignancies, as advised by gastroenterology guidelines. However, additional research is needed assessing the best approach to patients with iron deficiency without anaemia, given the high occurrence of intestinal malignancies in these patients. A lower ferritin level could potentially help stratify the need for an endoscopic workup in these patients.
Introduction
The European Society of Cardiology (ESC) guidelines for the treatment of heart failure recommend screening symptomatic heart failure patients for underlying iron deficiency. 1 Iron deficiency is common in heart failure and negatively influences exercise capacity and outcome, even in the absence of concomitant anaemia. [2] [3] [4] [5] [6] A multitude of processes result in iron deficiency in heart failure. 7, 8 However, in general, these pathologic processes result in either a true body deficit of iron (absolute iron deficiency) or a decreased bio-availability due to reticuloendothelial system clustering (functional iron deficiency). Persisting iron deficiency might ultimately comprise the bone marrow haematopoietic capacity, leading to irondeficient anaemia. 9 It is well established in the gastroenterology literature that patients with iron-deficient anaemia should receive a comprehensive gastrointestinal (GI) workup consisting of upper and lower endoscopy to exclude an underlying malignancy or potentially treatable cause. 10 In contrast, the workup of iron deficiency in the absence of anaemia remains a point of discussion. 10 Additionally, criteria for iron deficiency differ between gastroenterology (ferritin level < 15-30 μg/L in the absence of inflammation) and heart failure [ferritin level < 100 or between 100 and 300 μg/L if transferrin saturation (TSAT) < 20%], 1, 10 thereby complicating extrapolation of literature. Our analysis sought to determine the prevalence of underlying malignancies in heart failure patients according to the iron and anaemia status. Furthermore, in the patients with iron deficiency but without anaemia, our analysis sought out if baseline ferritin values might help steer the decision towards an endoscopic evaluation. We postulated that the risk for an underlying malignancies might be high in patients with absolute iron deficiency (reflected as a low ferritin level) even in the absence of anaemia.
Methods

Study population
The current analysis is a retrospective analysis of a database of consecutive heart failure patients included in a single tertiary care centre (Ziekenhuis Oost-Limburg, ZOL Genk) and followed up between August 2008 and January 2016. The design and results of the heart failure database have previously been published. 5 Briefly, the study cohort is the result of a pooled analysis of five different investigator-initiated prospective studies all performed at the ZOL Genk hospital, with overlapping design in terms of collection of baseline and clinical outcome data. Overlapping entry criteria included a previous heart failure hospitalization and (previously) symptomatic heart failure with reduced, mid-range, or preserved ejection fraction. In addition to baseline echocardiography, patients underwent cardiac pulmonary exercise testing and laboratory analysis at baseline. Subsequently patients were followed up prospectively to document heart failure hospitalization and all-cause mortality. The study protocols were approved by the institutional review board, and all patients provided written informed consent. The current manuscript is drafted according to the Strengthening the Reporting of Observational Studies in Epidemiology statement for observational studies.
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Data collection and endpoint evaluation
For the current analysis, we performed a retrospective analysis of the aforementioned cohort to determine the proportion of patients who had undergone a GI endoscopic workup. Only endoscopic workups between the inclusion date of the study and censoring (date of death or last follow-up) were allowed to determine the relation between baseline iron and anaemia status and subsequent findings on endoscopy. Patients with a known history of GI malignancies before the inclusion in the study were excluded. Based on the baseline laboratory analysis, it was determined if patients had anaemia and iron deficiency. Anaemia was defined according to the used criteria in major randomized controlled trials, namely, haemoglobin level < 12 g/dL irrespective of gender. Iron deficiency was defined according to established criteria in heart failure (ferritin level < 100 μg/L or ferritin level between 100 and 300 μg/L if TSAT is <20%). Patients were subsequently categorized into four categories on the basis of the presence or absence of both anaemia and iron deficiency of the baseline value at inclusion. Only patients with a full endoscopic workup consisting of upper and lower GI endoscopy were included for the current retrospective analysis. This is in order to adhere with gastroenterology guidelines, which state that in addition to an upper GI endoscopy, a lower GI endoscopy should be performed to establish the prevalence of significant lesions.
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The endpoint for the current analysis was an endoscopically documented GI malignant tumour. Both the anatomic pathology report and the report of the subsequent multidisciplinary oncology meeting were used to assure the malignant character of the endoscopic lesion. We chose to use ferritin level to assess the risk between iron deficiency and the subsequent risk for GI malignancy, as it is the most powerful test reflecting iron deficiency (body iron content).
Statistics
Continuous variables were expressed as mean ± standard deviation or median and inter-quartile range if normally or non-normally distributed. Normality was checked by the Shapiro-Wilk statistic. Categorical data were expressed as percentages and compared with the Pearson χ 2 test. Continuous variables were compared with Student's t-test, Mann-Whitney U-test, ANOVA testing, or Kruskal-Wallis test, when appropriate. Receiver operating characteristic (ROC) analysis was used to determine the relationship between the continuous predictor ferritin level and binary outcome variable presence of GI malignancy. The Youden point was identified as the value with the highest (sensitivity + specificity)/2. Statistical significance was always set at a two-tailed probability level of <0.05. All statistics were performed using SPSS Version 24 (IBM, Chicago, IL, USA).
Results
Study population and endoscopic workup
A total of 1191 patients were enrolled between August 2008 and January 2016. The overall prevalence of iron deficiency and anaemia in the cohort was 53% and 29%, respectively. Of the 1191 patients, a total of 699 (59%) patients underwent a full endoscopic GI workup, during a mean follow-up of 50 ± 27 months. The median time between entry into the database (with lab testing) to endoscopy was 9 (inter-quartile range, 6-19) months. Therefore, the final study population constituted 699 patients. The distribution of the 699 patients with or without both anaemia and iron deficiency undergoing full endoscopic workup is reflected in Table 1 . Patients who had iron deficiency were more likely to have undergone an endoscopic workup during follow-up, especially if anaemia was present. Table 2 illustrates the baseline characteristics of patients who had undergone endoscopic workup after categorization according to iron and anaemia status. Differences in baseline characteristics were present, which have been previously described for iron-deficient vs. non-iron-deficient Gastrointestinal malignancies in iron-deficient HF 39 and anaemic vs. non-anaemic patients. However, these differences in baseline characteristics are less related to the occurrence of the current study endpoint (development of a GI malignancy). Table S1 illustrates the baseline characteristics of the patients included in the study (699 patients) with endoscopic evaluation vs. the 492 patients without endoscopic evaluation. Some differences in baseline characteristics were present but related to settings in which endoscopic evaluation is more warranted, such as a higher risk for GI blood loss (history of valve surgery, atrial fibrillation, or history of ischaemic heart disease/percutaneous coronary interventions) or factors related to a lower haemoglobin level (e.g. lower glomerular filtration rate).
Prevalence of gastrointestinal malignancies and relationship with ferritin level
During a mean follow-up period of 50 ± 27 months, a total of 50 patients were diagnosed with a biopsy-confirmed GI malignancy. Figure 1 illustrates the proportion of patients with an underlying malignancy according to the baseline haemoglobin and iron status. Patients with iron deficiency had the highest prevalence of underlying malignancies; however, the prevalence was not statistically different from that of patients with (n = 12, 9.3%) or without anaemia (n = 30, 10.5%; P = 0.551). Of the 50 GI malignancies encountered during follow-up, a total of 42 were found in patients with iron deficiency vs. eight in patients without iron deficiency (P < 0.001). In patients without iron deficiency, the prevalence of underlying GI malignancies was higher in patients with concomitant anaemia (n = 5, 6%) vs. without concomitant anaemia (n = 3, 1.5%, P = 0.024). Table 2 assesses the predictive capacity of baseline ferritin level to predict the presence of an underlying GI malignancy in patients with iron deficiency but without anaemia (a subgroup in which the importance of endoscopic evaluation is less established). Using a stringent ferritin value to define absolute iron deficiency (ferritin level < 30 μg/L) results in a high specificity (90%) for detecting an underlying malignancy. However, this was associated with a low sensitivity (13%), which was reflected in the detection rate of only three of the 30 intestinal malignancies in this patient subgroup. Table 3 illustrates that using more lenient cut-offs for ferritin level results in a higher detection rate and higher sensitivity, however at the cost of specificity and potentially exposing a larger patient population to an endoscopic workup. Figure 2 illustrates the result of ROC curve analysis for ferritin level in detecting an underlying intestinal malignancy (area under the curve = 0.741, P < 0.001). A ferritin level < 56 μg/L carried the highest sensitivity (80%) and specificity (71%) for detecting an underlying intestinal malignancy in a heart failure patient with iron deficiency but without anaemia.
Discussion
The current analysis addresses important and frequently encountered questions in clinical practice: what proportion of heart failure patients with iron deficiency have an underlying GI malignancy, and which patients really need an endoscopic workup? It is recognized almost a decade ago that iron deficiency is present in up to half of patients with heart failure. 12 Currently, heart failure patients should be screened for iron deficiency, as three randomized controlled trials showed that alleviating iron deficiency with ferric carboxymaltose is associated with improved symptomatic status and exercise capacity. [12] [13] [14] However, it is important to emphasize that before therapy with intravenous iron is initiated, the treating physician should question himself or herself if an additional diagnostic workup is needed to determine the aetiology of iron deficiency/anaemia. Indeed, ESC guidelines for the diagnosis and treatment of heart failure recommend that patients with iron deficiency need to be screened for any potentially reversible or treatable causes. 1 However, this statement is perhaps more based on clinical reasoning than on actual data in heart failure patients themselves. Gastroenterology guidelines insist on upper and lower GI endoscopic workup in patients with iron-deficient anaemia to detect potential malignancies and in all male patients and in post-menopausal women. 10 However, in the case of iron deficiency without anaemia, gastroenterology guidelines suggest that only post-menopausal woman and men aged >50 years should be considered to undergo an endoscopic workup after discussing risks and benefits. 10 Indeed, cohort studies, in the gastroenterology literature, suggest that the prevalence of underlying malignancies is lower in patients with iron deficiency without anaemia. 15, 16 However, these cohorts often included patients in their 20-40 years of age. This is important, as these patients have an intrinsically low pre-test probability for having an underlying malignancy. This is clearly not the case for most heart failure patients encountered in clinical practice, as they are older (70 ± 11 years in the current cohort) and are often exposed to carcinogenic risk factors, such as smoking. A further complicating matter that precludes blatant extrapolation from gastroenterology literature is the different cut-offs used to define iron deficiency. Gastroenterology literature often uses a ferritin level cutoff < 15-30 μg/L (in the absence of inflammation) to define a state of (absolute) iron deficiency. 10, [15] [16] [17] [18] In these patients, an underlying GI malignancy often (10-15%) contributes to the state of iron deficiency. 10 However, the heart failure syndrome itself is a pro-inflammatory disease. 19 Indeed, both haemodynamic alterations of low cardiac output and congestion result in up-regulation of pro-inflammatory Two patients without anaemia but with iron deficiency had a ferritin level higher than 100 μg/L (one case with 101 μg/L and another case with 231 μg/L). Figure 2 Interaction between sensitivity and specificity of ferritin level for detecting gastrointestinal malignancy in patients with iron deficiency without anaemia.
Gastrointestinal malignancies in iron-deficient HF 41 cytokines. 20, 21 Inflammation itself results in a higher level of serum ferritin, thereby further complicating the question of what ferritin level constitutes absolute iron deficiency in heart failure. As a result, in heart failure literature, both a ferritin level < 30 μg/L and <100 μg/L have been used interchangeably to define absolute iron deficiency. 4, 7, [22] [23] [24] Therefore, perhaps the more important question is at which ferritin level should we screen an iron-deficient heart failure patient for an underlying GI malignancy, the gravest pathology to be missed resulting in absolute deficit of iron.
Firstly, our data confirm the general dogma that patients with iron-deficient anaemia should undergo thorough evaluation with upper and lower GI endoscopy. Although this concept is generally accepted in the medical community, retrospective audits indicate that under-investigation is common. Indeed, only 40-50% of patients with irondeficient anaemia undergo an endoscopic workup. 25, 26 Cardiologists should be aware of this underutilization. Importantly, ESC guidelines put a strong emphasis (Class IC level of evidence) on screening for iron deficiency. 1 Therefore, cardiologists will often diagnose the state of iron deficiency but should contemplate an appropriate diagnostic workup before therapy with intravenous ferric carboxymaltose is administered.
Secondly, our data indicate that patients with iron deficiency but without anaemia still have a significant risk of having an underlying GI malignancy. Indeed, GI malignancies can lead to chronic blood loss, inducing iron deficiency as a precursor to iron-deficient anaemia. Although cohort studies of iron-deficient patients without heart failure and without anaemia documented a lower prevalence of underlying malignancies, this finding is perhaps more driven by the age of the population being studied, with many studies assessing pre-menopausal women. 16 However, in cohorts of elderly patients (as most heart failure patients are), the prevalence of intestinal malignancies reached up to 10% in patients with iron deficiency without anaemia. 17 Our cohort exhibits a prevalence of underlying malignancies in the same degree of magnitude. Our data therefore urge cardiologists to also consider an endoscopic workup in patients with iron deficiency without anaemia. However, based on our analysis, it remains difficult to decide which heart failure patient with iron deficiency should undergo such a workup, as this was a retrospective analysis. Owing to the retrospective nature of the study, we did not have information on changes in stool pattern, GI blood loss, involuntary weight loss, or other factors that should trigger a GI workup. However, we did assess the diagnostic capacity of ferritin level to help and steer the decision process towards an endoscopic workup. A ferritin level of 56 μg/L had the highest sensitivity and specificity for detecting an underlying intestinal malignancy. However, practically, this would mean that every one in three patients with iron deficiency but without anaemia should undergo an endoscopic workup, and these numbers change drastically depending on which ferritin level is employed to trigger an endoscopic workup. Additionally, prospective research is needed to determine how ferritin levels can help guide decision making, taking into account the classic clinical red flags that normally trigger an endoscopic workup.
Limitations
Several limitations of the current study should be addressed. Firstly, this was a retrospective analysis, and therefore, the analysis is sensitive to bias by indication. Indeed, patients with iron deficiency (especially if anaemia is present) were more likely to undergo endoscopic evaluation. However, the coverage rate of endoscopy as illustrated in Table 1 was high in our cohort, especially in comparison with the rate in the existing literature. Also, our sample size was much larger than that of previous analysis in gastroenterology literature. Furthermore, there is no reason to expect that the risk for developing a malignancy was different in the patients not undergoing an endoscopic workup. On the basis of this and the high coverage rate, we believe that the relative prevalence of GI malignancies in the four different groups is little affected if the coverage rate of endoscopy would be 100%. Secondly, we did not have any data on changes in bowel habits, GI blood loss, involuntary weight loss, or a family history of GI malignancies. Therefore, we could not determine whether the indication for the endoscopy was driven by the laboratory results (iron deficiency or iron-deficient anaemia) or symptoms suggestive of GI problem. Given the absence of data on family history of intestinal malignancies and changes in bowel status or weight, we were not able to perform binary logistic regression analysis to search for predictors of intestinal malignancies in heart failure patients (as important imputational data for such analysis were lacking). In addition, the high coverage rate of endoscopy might be the result of the Belgian national screening programme, which invites patients between 56 and 74 years of age to perform a faecal occult blood test. If this test is positive, further endoscopic workup is performed. Thirdly, we only included patients who underwent endoscopic evaluation in our hospital. Therefore, we might have missed some patients receiving an endoscopic workup in a different centre. Fourthly, we only determined the prevalence of malignancies. Our analysis did not determine the frequencies of other intestinal abnormalities that could be causally related to a state of (absolute) iron deficiency, as this is very difficult to determine retrospectively. Finally, owing to the low numbers of patients with heart failure with mid-range ejection fraction (HFmrEF) and heart failure with preserved ejection fraction (HFpEF), we were not able to perform a sub-analysis to see if the found cut-offs for ferritin level also apply specifically to HFmrEF and HFpEF. 
